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Table EA-1. 
Measured hydrogen isotopic compositions of each incubated ketone substrate (δ2HK) and the corresponding water (δ2HW) at equilibriuma. 
ketone	δ2H (‰)	0	1	2	3	4	5	6	7	8
4-Heptanone	δ2HW	475.7 (0.2)	373.9 (0.2)	224.2 (0.2)	98.0 (0.4)	-35.2 (0.2)	-150.7 (0.2)	-281.2 (0.3)		
	25°C δ2HK	31.5 (1.8)	6.9 (4.0)	-35.1 (3.3)	-56.4 (2.6)	-92.8 (2.9)	-120.5 (1.4)	-161.0 (2.5)		
	50°C δ2HK	45.6 (4.9)	13.4 (1.7)	-20.8 (3.4)	-50.7 (0.1)	-85.6 (0.1)	-112.6 (0.5)	N/A		
	70°C δ2HK	33.4 (1.8)	0.6 (1.0)	-27.5 (0.8)	-60.4 (0.2)	-99.0 (1.8)	-123.6 (1.1)	-162.9 (0.5)		
5-Nonanone	δ2HW	475.4 (0.1)	345.7 (0.1)	244.1 (0.1)	107.8 (0.5)	-33.0 (0.2)	-175.7 (0.3)	-280.8 (0.2)		
	25°C δ2HK	7.6 (2.1)	-18.6  (N/A)	-36.5 (1.0)	-61.1  (2.5)	-93.5  (4.7)	-120.0  (3.4)	-138.8  (5.0)		
	50°C δ2HK	11.3 (1.1)	-13.8 (0.1)	-39.9 (3.5)	-64.6 (1.5)	-87.3 (2.1)	-118.1 (2.5)	-139.8 (3.3)		
	70°C δ2HK	0.9 (0.8)	N/A	-41.8 (1.8)	-72.7 (2.3)	-96.3 (1.6)	N/A	N/A		
2-Methyl-3-hexanone	 δ2HW	476.5 (0.1)	352.4 (0.6)	229.0 (0.4)	100.1 (0.2)	-26.3 (0.2)	-143.2 (0.3)	-278.8 (0.4)		
	25°C δ2HK	-10.5 (4.9)	-35.6 (2.0)	-59.3 (2.6)	-85.1 (3.9)	-108.6 (4.9)	-132.0 (0.4)	-160.5 (0.6)		
	50°C δ2HK	-4.1 (4.2)	-26.6 (3.3)	-53.1 (3.6)	-79.6 (0.6)	-104.1 (1.6)	-128.6 (5.1)	-153.6 (5.8)		
	70°C δ2HK	-15.6 (1.1)	-33.9 (4.2)	-58.4 (4.9)	-83.4 (1.8)	-112.2 (4.9)	-133.9 (3.9)	-159.4 (4.2)		
2-heptanone	δ2HW	476.1 (0.2)	348.3 (0.4)	230.3 (0.2)	100.8 (0.2)	-34.7 (0.2)	-135.9 (0.2)	-280.5 (0.2)		
	25°C δ2HK	58.3 (4.6)	15.2 (N/A)	-26.9 (N/A)	-64.8 (N/A)	-104.9 (N/A)	-140.2 (N/A)	-166.1 (0.1)		
	50°C δ2HK	62.2 (6.1)	37.7 (2.5)	-13.2 (1.1)	-48.4 (3.9)	-91.2 (0.7)	-124.2 (0.3)	-160.7 (3.9)		
	70°C δ2HK	69.8 (2.0)	34.4 (1.5)	-6.0 (0.1)	-43.9 (4.3)	-81.4  (0.7)	-124.6 (3.2)	-158.3 (3.8)		
2,4-Dimethyl-3-pentanone	δ2HW	475.4 (0.2)	365.3 (0.3)	226.3 (0.5)	98. 0 (0.3)	-29.2 (0.3)	-150.4 (0.3)	-279.8 (0.4)		
	25°C δ2HK	-3.6 (0.1)	-21.3 (N/A)	-42.2 (0.2)	-60.5 (1.6)	-78.3 (1.4)	-97.8 (0.9)	-114.4 (1.5)		
	50°C δ2HK	-6.3 (3.0)	-24.3 (5.7)	-45.0 (3.5)	-61.9 (1.5)	-81.1 (0.7)	-96.9 (2.7)	-115.7 (2.6)		
	70°C δ2HK	-10.5 (4.5)	-23.8 (2.3)	-46.9 (3.5)	-63.6 (2.5)	-83.3 (2.0)	-98.4 (1.8)	-113.4 (1.0)		
3,5-Dimethyl-4-heptanone	δ2HW	476.1 (0.1)	351.8 (0.1)	227.7 (0.5)	85.1 (0.2)	-42.0 (0.3)	-172.2 (0.3)	-279.5 (0.4)		
	25°C δ2HK	7.3 (1.2)	-7.4 (1.1)	-21.8 (0.8)	-31.7 (0.8)	-53.6 (0.3)	-66.1 (3.2)	-76.7 (1.2)		
	δ2HW	477.1	391.5	298.9	109.9	-52.0	-179.6	-281.5		
	50°C δ2HK	11.5 (2.7)	-1.5 (1.3)	-8.3 (0.4)	-31.9 (3.2)	-47.4 (0.8)	-62.1 (3.0)	-72.1 (0.8)		
	70°C δ2HK	19.1 (2.6)	13.9 (1.3)	1.2 (2.3)	-18.1 (4.7)	-35.7 (0.7)	-49.4 (4.4)	-61.5 (1.5)		
Cyclohexanone	δ2HW	459.0 (0.4)	337.2 (0.4)	219.4 (0.5)	98.1 (0.1)	-29.4 (0.2)	-153.2 (0.2)	-279.4 (0.3)		
	25°C δ2HK	-14.2 (0.9)	-53.8 (0.1)	-93.1 (0.6)	-134.3 (2.9)	-179.2 (1.6)	-213.5 (0.9)	-264.0 (4.0)		
	δ2HW	464.9 (1.0)	373.0  (3.2)	285.3  (1.4)	186.8  (2.1)	97.5  (3.6)	-3.7  (1.0)	-89.1  (2.0)	-187.9  (1.7)	-277.2  (4.8)
	50°C δ2HK	-17.6 (1.6)	-45.9 (2.2)	-71.5 (1.7)	-105.6 (0.9)	-139.1 (3.8)	-170.4 (0.3)	-205.2 (1.8)	-232.6 (3.7)	-266.8 (2.5)
	70°C δ2HK	-9.2 (3.8)	-48.1 (3.7)	-76.7 (1.8)	-112.9 (1.8)	-139.2 (2.2)	-173.5 (5.2)	-207.6 (3.5)	-237.1 (1.4)	-268.7 (3.0)
(a) The standard deviations from 2-3 replicates of each ketone sample and from 3-4 replicates of each water sample are shown in brackets.



Table EA-2. 
Optimized geometries and experimental geometries in gas phase for the ketonesa
ketones	O=Cbond length (Ǻ)	C-Cαbond length (Ǻ)	O=C-Cαangle (°)	O=C-Cα-Cβ dihedral (°)	O=C-Cα-Hα dihedral (°)
Calculated in this study (B3LYP/6-311G**)
4-heptanone	1.211	1.525	121.8	7.4	131.8, -115.3 
5-nonanone	1.211	1.525	121.9	7.2	131.6, -115.5
2-heptanone	1.210	1.524 (2° Cα)	122.0 (2° Cα)	6.3	130.7, -116.5 (2° Hα)
		1.519 (1° Cα)	121.6 (1° Cα)		7.8, (1° Hα)
2-Methyl-3-hexanone	1.211	1.522 (2° Cα)	121.9 (2° Cα)	8.7 (2° Cβ)	157.3 (3° Hα)
		1.534 (3° Cα)	121.3 (3° Cα)	36.9, -85.9 (1° Cβ)	133.6, -113.9 (2° Hα)
3,5-Dimethyl-4-heptanone	1.212	1.532	121.4	92.4 (2° Cβ)	-151.6
				-31.9 (1° Cβ)	
2,4-Dimethyl-3-pentanone	1.212	1.532	121.4	30, -93	-151.2
Cyclohexanone	1.210	1.523	122.4	131.2	6.9 (equatorial)
					-109.2 (axial)
Experimental data
Acetoneb	1.215	1.515	121.8		
2-Butanonec	1.218	1.512 (2° Cα)	122.9 (2° Cα)	0	0 (1° Hα)
		1.507 (1° Cα)			
3-Methyl-2-butanoned	1.217	1.525 (1° Cα)	120.8 (1° Cα)		140 (3° Hα)
Cyclohexanonee	1.229	1.503		128.3	
(a) Experimental geometry data for ketones with more than five C atoms are unavailable except for cyclohexanone. Thus, smaller ketone molecules (C3-C5) are instead listed for comparison. H and C atoms are labeled according to relative distance from the carbonyl group (subscript Greek letters) and configuration of the bound C atom (1° = primary, 2° = secondary, 3° = tertiary). 
(b) Sverdlov, L. M.; Kovner, M. A.; Krainov, E. P. Vibrational Spectra of Polyatomic Molecules; Wiley: New York, 1974.
(c) Durig, J. R.; Feng, F. S.; Wang, A.; Phan, H. V. Can. J. of Chem. 1991, 69, 1845-1856.
(d) Landolt-Bornstein Group II: Atomic and Molecular Physics Springer-Verlag: Berlin, 1992.
(e) Dillen, J.; Geise, H. J. J. Mol. Struct. 1980, 69, 137-144.

Table EA-3. 
Calculated β factors from 0°C to 100°C for watera
T(°C)	T(K)	βgas(this study)	βliquid (this study)	βgas (Richet et al, 1977)	βgas (Urey, 1947)
0	273.15	17.351	19.291	15.131	16.467

5	278.15	16.351	18.053		 
10	283.15	15.441	16.939	13.531	 
15	288.15	14.611	15.932		 
20	293.15	13.852	15.020	12.193	 
25	298.15	13.156	14.192		12.518
30	303.15	12.516	13.436	11.064	 
35	308.15	11.927	12.747		 
40	313.15	11.383	12.114	10.101	 
45	318.15	10.880	11.533		 
50	323.15	10.413	10.998	9.275	 
55	328.15	9.980	10.504		 
60	333.15	9.578	10.048		 
65	338.15	9.203	9.625		 
70	343.15	8.852	9.232		 
75	348.15	8.525	8.867	7.657	 
80	353.15	8.219	8.527		 
85	358.15	7.932	8.209		 
90	363.15	7.662	7.912		 
95	368.15	7.409	7.634		 
100	373.15	7.171	7.374	6.487	 
(a) β factors of liquid water are calculated based on that of gasous water and  the liquid-vapor fractionation factor from Wesolowski and Horita (1994, GCA): 








Table EA-4. 
Calculated β factors from 0°C to 100°C for Hα in ketones
T	2,4-dimethyl-3-petanone	3,5-dimethyl-4-heptanone	2-methyl-3-hexanone	4-heptanone	5-nonanone	2-heptanone	cyclohexanone
(°C)	3° Hα	3° Hα	3° Hα	2° Hα	2° Hα	2° Hα	1° Hα	2° Hα	2° Heql	2° Haxi
0	20.215	19.655	20.292	16.812	16.817	16.671	15.753	16.819	18.215	16.881
5	18.851	18.339	18.921	15.754	15.759	15.625	14.799	15.761	17.038	15.816
10	17.625	17.154	17.689	14.797	14.803	14.680	13.934	14.805	15.976	14.853
15	16.518	16.086	16.577	13.931	13.936	13.823	13.148	13.938	15.016	13.980
20	15.517	15.118	15.571	13.143	13.149	13.043	12.432	13.150	14.144	13.188
25	14.608	14.239	14.658	12.425	12.431	12.333	11.777	12.431	13.351	12.465
30	13.782	13.440	13.828	11.769	11.775	11.684	11.178	11.775	12.627	11.805
35	13.028	12.710	13.070	11.168	11.174	11.090	10.628	11.174	11.966	11.201
40	12.338	12.043	12.378	10.617	10.623	10.544	10.122	10.623	11.359	10.647
45	11.706	11.431	11.743	10.109	10.115	10.042	9.656	10.115	10.802	10.137
50	11.126	10.868	11.160	9.642	9.647	9.579	9.225	9.647	10.289	9.667
55	10.592	10.350	10.623	9.210	9.215	9.151	8.826	9.215	9.815	9.233
60	10.099	9.872	10.128	8.810	8.815	8.755	8.456	8.815	9.378	8.831
65	9.643	9.431	9.671	8.439	8.444	8.387	8.112	8.444	8.973	8.459
70	9.221	9.021	9.247	8.094	8.100	8.046	7.792	8.100	8.597	8.113
75	8.830	8.642	8.854	7.774	7.779	7.728	7.494	7.779	8.247	7.791
80	8.467	8.289	8.489	7.475	7.480	7.432	7.216	7.480	7.922	7.491
85	8.128	7.960	8.150	7.196	7.201	7.156	6.955	7.201	7.618	7.211
90	7.813	7.654	7.833	6.935	6.940	6.897	6.712	6.940	7.335	6.949
95	7.518	7.367	7.537	6.691	6.696	6.655	6.483	6.696	7.070	6.704
100	7.243	7.100	7.261	6.462	6.467	6.428	6.268	6.467	6.821	6.474
(a) Listed β factors are the average value for H atoms bound to the same C atom.
(c) H position is indicated by the subscript Greek letter as relative to the carbonyl group
(d) 1° = primary, 2° = secondary, 3° = tertiary
(d) Superscript "eql" or "axl" denotes the equatorial or axial Hα in cyclohexnaone.

Table EA-5. 
Regression between experimental and calculated fractionation factors for the six ketones at 25°C, 50°C and 70°C. Calculation conditions are denoted using capital letters: K = ketones; W = water; IS = the solvation effect is modeled by implicit solvation model; EHn = the solvation effect is modeled by explicit hydration method, where n = 3, 4 or 5 water molecules; LV = the solvation effect for water is modeled by multiplying the experimental liquid-vapor fractionation factor; U = using unscaled frequency; S = using scaled frequency (scaling factor = 0.967c).
Calculation method	25°C	50°C	70°C	Δslopeb
#	ketone	water	slope	intercept	slope	intercept	slope	intercept	
1a	IS+U	LV+U	0.982±0.035	-3.1±3.6	0.904±0.072	-6.8±7.1	0.811±0.038	-21.0±3.7	0.171
2	IS+S	LV+S	1.069±0.044	15.8±4.6	0.987±0.074	9.579±7.7	0.883±0.049	7.3±5.1	0.186
3	IS+U	IS+U	0.921±0.037	-79.7±2.8	0.856±0.064	-72.0±4.1	0.769±0.042	-76.3±2.5	0.152
4	IS+S	IS+S	0.972±0.040	-80.9±2.8	0.918±0.069	-59.2±4.6	0.833±0.046	-57.6±3.0	0.140
5	EH3+ U	EH3+ U	1.140±0.034	33.5±3.8	1.052±0.094	29.8±10.8	0.949±0.056	13.0±6.4	0.191
6	EH3+ S	EH3+ S	1.211±0.035	43.8±4.0	1.120±0.100	39.4±11.6	1.01±0.061	21.5±7.1	0.202
7	EH4+ U	EH4+ U	1.119±0.033	32.3±3.7	1.023±0.106	25.9±12.1	0.921±0.063	8.2±7.3	0.198
8	EH4+ S	EH4+ S	1.186±0.035	41.3±4.0	1.085±0.113	34.1±12.9	0.978±0.069	15.6±7.9	0.208
9	EH5+ U	EH5+ U	1.102±0.046	19.3±4.8	1.011±0.102	15.2±10.8	0.917±0.032	-0.3±3.5	0.186
10	EH5+ S	EH5+ S	1.168±0.048	28.0±5.1	1.073±0.109	23.2±11.6	0.974±0.035	6.9±3.8	0.195
(a) The calculation methods applied in this paper.
(b) The difference between regression slope at 25°C and 70°C, indicating the temperature variation of the regression curve. 
(c) A scaling factor of 0.967±0.021 for B3LYP/6-311G** method is recommended by Computational Chemistry Comparison and Benchmark DataBase (CCCBDB), NIST.
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